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FLIGhT WASUE dM3NTS BY VARIOUS MJTHODS “

Or THE DFif.i(3CEKRACT3RISTICS

By Henry A. Pearsen and Derothy 3. Beadle.

. . SUMMARY

The varlatiah ef the rver-all drag ceefflcisnt of
the XP-51 airplane was measu%ad in dives up te a Mach
number of 0.8. ~ring the t.sststhe airplane was instru-
mented se that the cvsr-all drag variatifinwas cbtained
by three methods, each rf which empl~yed different c@mbl.-
natinns cf instrum3ntatlrno The metheds used are termed
the accelerometer, the energy, and the dive-angle moth.ods.

A discussion of the rslativa accuracy of’the results
obtainad with each ef the methcds is givsn both from the
standp~int cf instrument accuracy and @f the accuracy
with which the data ma~ be raduced. It is concluded that
with present Instruments tha accelarcmater mathed yields
the meat sccurate and consistent rasults.

A comparlsen of th~ prisant drag results with those
obtained In the wind tunnel indicates that at super-
critical Mach numbers tha flight values de not risa as
rapidly as these frem the wind tunnel. A comparison
batwaan varirus sats cf flight data indicates that suf-
ficient spread of the data is obtained with prasant instru-
mentation that a number t?fmaasuramants may ba required In
order to establish a drag variation ef raascnabla accuraoy,
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INTRODUCTION

I

In view af.tha need fer.obtaini~ fli-ghtdata at
high spaeds an XP-51 airplane was made available by tke
Air Materiel Ccmmand, ~rmy Air Fercestfor high-speed
dlv.3tests. Altherqh the prharT objective cf the tests
was to obzaln ~~”narallead data that ceuld be applied to
axistlng airplanes, a sscrndary cbjactive was to ccmpare
the flight rssults where pcsslbls with wind-tunnel and
other fli~ht maasuraments. The wind-tunn~l measurements
were obtained ~tia ~-scala medal nf tha XP-51 airnlane at
the Ames ~erenautic~l Laboratory and the flight rasults
frrm tests made in Ehqland cn a slmllar mrdel cf the
XP-51.

.During ths tasts at Langl~y Field, Vs., the XP-51
airolane was inStrUmd~t3d so as tc cbtain data at high
Mach numbars on such itams as: ths prassura distribu-
ti~n ever the wing and tail surfaces, the airplane
pttchin~-memsnt variatl”n, the oentrrl characteristics,
the oparation ~f’spatially installed dive-racovary flaps,
tha pr~file, and over-all drag variations. .

In sema cases thase quantities w~ra tc be inaasurad
to tha practical tarmin.alMach numbsr cf’the alrplana.
“sincemaasursmsnts cruld not bs obtained ~n all rf the
quantities sl.multanacusly,the pregram was divided into
several phasss. Frevieus reports cn tha XF-51 project
(rafarancas 1 and 2) hava cov~rad the epsratlon r+fthe
dive-racr+varyfl~ps and the prefil~ drag, resp~ctively.

The purpesa cf this rapmrt is to prassn.tthe results
of the over-all drag crsfflcien’tvariation with Mach
nwnbar up to 0.80 fer the XP-51 airplane, and to discuss
in soma dstail the accuracy of the varicus msthcds that
are avail~bla for d~termining tha drag c.nefficientin
flight. .

.

Airnlan3.- A sid~ vlaw cf the XII-51alrplana 1s
shrwn in flgura 1 and a llne drawing is giv~n in figure 2.
During tha tasts tha airplane was coatad with camouflage
paint; nc attempt was mada to prepars althor the wing @r

2



MR No. L6F12

-- .

#

-,

the fuselage to an tasredynamicallysmooth condition.
Several rn~normedlfiaatiens ware made to the atrplane..
whose effect o“n“t-h&drag wa”aunkhcwn. Thase modlflca-
tlons Included: ,

(1) The installation ef a fixed pitot-static haad
@n a beam mcuntad on the right wing near “thewing tip.
The static hnlas were approximately l-chord ~e~gth
for~ard of the leading edge.

- (2) Thd installation @f a shield en tha upper side
of the fuselage aft @f tha pilot to heusa a parisc~pe
that was used in athar tssts.

(3) The ccverlng of tha SIX machine-gun openings
in tha wing.

(4) The installation @f’a serias Ff six small
automobile-type light bulbs (abcut 3/8 inches-high)
acrcss the span ~f the horizontal tall for usa in ether
tests. ...

(5) The installation cf’a rake f~r measuring pro-
file drag on tha left wing at 51.3 percent cf tha s-~mi-
span and three tetal-haad tubes which projoctad 4 inches
above the tnp surface of tha left wing.

(6) The installation of dive-raccvary flaps,
Thasa flaps ffirmeda bump 1/4 inch high and 30 inches
long on tha lower surfacs rf the wing. (Saa reference l.)

Some @f these mrdificatiens may ba saen in figures 1 and 2.

Characteristics @f tha air~lane, engt.na,pr~pdlldI’,
and exhaust stacks arp glvan in tabla 1.

wera -m
- m“ong athars, th~ following instruments

nstallad; those Ilstad arp partinant”tc the rasults
of-this rap~rt.

Alrspaed raqorder

pmessure “altituderaccrdar “

Accaleromater for r~ce.rdingacceleration na~al to
thrust axis

I

.
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Acceleremater.
to thrust

“ MR.Nn. L6FW

fq~.rsccrding.accaleraticn parallel
axis .-”.}-’. -“

. .. .
“ (Tha qbov~ inst&m~nts” w~re’ef the ccratlnucuslyrecerding
t~a. ) .. .!. .

Dir~cticnal gyrc meuntad cn piletts instrument panel
a@ t.urnad90° -formsasuring attituda angle. .

Timer fcr synchroni~ing results frkm abov~ lnstru-
mant-s .

Indicating tharmcma.t~r

Mach ~ymber Indicater ..

Indicating accslarrm+t~r

16-milllmetar camera fcr photographing pllc+t”fs
instrument pansl at 16 frarn~spar s=cend

Tests.- The flight tests C~13SiStdd of a numbdr of
- increasingly fast dl.v=sstarting from staady l~val flight
at a pilot~s indicat~d spedd of 160 ml.l~sper heur and at
a spacifled.pressur~ altitude. Tha lev~l flight pcrtlcn,
priar to th d}va, was bald for abcut 4 m!nutas following
which an abrupt push-nvar was maua te olthsr a spsclfied
dive angla rr te a dlvs angle.which was crmfcrtable to
the~pilot. In tha lattdr casa the pilct prrcaad~d until
a spaclfi~d Mach number was reach~d, aftar which a 4g to. 6g r~cevary was made.

Frr the mrst part, ths divas w~re made with tha engina
throttled; in ths thrrttl~d dives the rnanlfeldpressure was

“ balow lctiastraading en th~ gage (10 lnch~s af m~rcury)
thrwghnut tha dive. In all div3s, hcwavar, ths prcpsllar
was sat to g~v~rn at ?600 rpm and tha small radiator
spoiler flaps w~r,aopan. In seineof the latgr divas, in
an attdmpt tr r~ach high Mach numb~rs at tha hlghast pcs-
slble altituda, various ameunts of prw~r ware ussd in the
darl~dr parts cf tha diva. ??sc~rdsrindm~tl.cnpictures
ware taken during the paricd frem just prier tc tha push-
over until ths pull-rut had ba.m compl.~t~d.

On tha way tc tha.starting pcsition tha pllct obsarved
the outsida air temperature at 1000-feet intarvals. The
observations wdre always taken at an indicat~d spead of

4,
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160 miles per’hour after cendltions”were stabilised. “
In..orderto establish t@ tehperature+pressure altttude‘.”-.. .;varZa%lon-to.’be-.eded with.t@- subsequent.dive the pilot?s
temperature observations werticorrected for the small
adlabatlo temperature rise at 160 miles per hour...,. .

.“ ..,:. -

METHOD.& RtiDUCINGDATA
..

. ““The vailation of the over-all drag coefficient with
Maoh number was evaluated for a number of the.dives by
each of three different me”thods. Each of the methods
utilized measurements obtained from different combinatlona
of Instruments and are termed the “accelerometermethod,”
the “energy method,” md the “dive-angle mathod.”

Accelaremetar mathed,- The readings cbtained from the
accelerometers and the afrspeed recorder were the primary
measurements used In evaluating the over-all drag by the
accelerometer mathc?d,although the geometry of the air-
plane, recorded pressure altltude, and angle of attack
were also usad, Thase quantities were inssrted in the
following tiasllyderivad equation that axpressas tha over-
all drag coefficient:

=~(CD1 ~ ~ Ccs a + ‘v ‘in a) (1)

In equatien (1) .

CD1 Is the war-all airplane drag coefficient including
e?feots of prepsllar and exhaust jet thrust and
Induced drag

%.
reading of acceleremekar maasuring accelerations

parallel to thrust axis, g uni.ta (When the.weight
or Inartia forces on the accaleromatar vane act
rearward a negative.valua is r~corded~). .

. .

%?. raading of accelerometer measuring accelerations
normal to the thrust axis, g units

w. wing leading, W/S, pnunds per @quawrefeet

q dynamic pre9sure,,#pV2, pounds par square .foet

5
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a. ahgle @f attack n“f.thrust axis “andof the””instrument
base .relative”tcf’llghtpath, degrees ‘(The lnstru-

. . -men% bbard “mnwhich the:accelerometer was mounted
.. was-parallel, within ~OilO, “tothe thrust IUCISQ) .

. . ..“””.
. .

The dynamic pressure q used in equation (1) was
derived from measurements @f the impact pressure qc
and of the pressure al”tltudebothmf which were correoted
for the installation error existing at the static openings
of th pitot-statl.chead. No lag corrections war~ made to
either”the airspeed oh altitude measur&ments as studies
now in-progress indicate that for the”lengths and stzes of
tubing used in tha.present tests lag effects would be well
within other errors.

. . . .

The-angle:ef’attack’ a used In equation.(l)”was.not
measured directly but was determined from the equation:

. . . . ,
nvw,. a =

‘L. + ~. “(2) ,... ..

where the add.ltlonal.termsara.:
.

a2e airplana angls @f zaro lift measured from thrugti
line, taken as -1.3°

.cLa slc!peof airplane lift curve.per degree, taken as
O,OQS

The choice of tha abeve numerical values was based on an
examination @f preliminary wind-tunnel data taken at &nes.
hboratcfi”on the ~-scale mbdel at a @ch, number cf’about
0.70.

Altheugh wind-tunnel lift-curva slepes and zero lift
angles were available far thq Mach number ranga of the
flight tests t%y -werenot used because anyfineconfronted
with the”tp.skor evaluating the drag frwm flight tasts
would not ordinarily have access to such data. In such
cases it w~uld be necessary either to start frem a ccm-
puted datum an~ apply a variation for Mach number or.to
assume some constant.averagevalue as was done in the
present case.

Althrugh the use @f a in equqtlon (1) is in the
nature of a correction, it”is necessary te include It in
the evaluation of the data since in nons ef the divss was

6
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zero lift (that Is ~ = O) maintained fer any length of
time, The.inclus3.0n.-of..the , a .termq,n-a~lesa timq his-
tory of the drag varlatinn to be calculated throughout

..---!.-.-

the dive even theugh the lift ooefflcient is continually
varying. In the more or less steady portion of the dive
and at small values @f load faotor the correotinns due
to a were generally small; during the push-ever and in
the pull-dut the ocmrectlcms ware larger and the avaluated
rasults are Influenced by the choice of’the values of

CL= and ‘Zo” “

Ener~ method.- The readings obtained from ’theai??-
speed and pressure-altitude raoorder were the primary
measurements ussd in evaluating the over-all drag coef-
ficient by tha energy method. Tha method is based on
the assumption that tha rate of change of the sum of the
p@tentlal and kinetic energy mf the airplane during the
dive is equal to the power consumed in drag. The perti-
nant equatinns are:

Since D = cDlqs

where the new terms net previously defined ara:

v the true alrspead, feet par second

g aocelaration @f gravity, 32.2 feet per second2

ha the abscluta altitude, feet

t time, ssconds

The true airspeed V was obtained frcm tha.oorrected
measurements of’tha pressure altitude

%
and the impact

prassura qc togathar with the temperature observations

taken at the variaus pressure altitudes during the climb.

7
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The absr~ute altitude usad in equati@n.(4) was
determined bymusual methods for correcting pressura
altitude to absolute altltude.. It was fnund, howaverj
that in these tests while the absolute alt!tude varied

H&om the pressure altitude the quantities ~ and

~ vatiled.emly slightly,
...

Dive-anple m~th@d.- The readings abtai.nedfrom the
airspeed racerdar and tha mevias of the gyro were the
pri~ry measurements ussd for evaluating-~he drag coaf-
ficiant by the dive-angla method althcugh the acceler-
ometer raadings ~ara usad to obtain.the necessary secondary.
ccrra~tions for angle of attack.changes. Th3 following
equation was usad in the reduction of tha data:

(5)

“-where y ,-the flight-path angla ralativa to the hori-
zontal, was obtained frcm the movies takan cf the instru-
ment panel. In the t~sts tha gyro.was uncagad.at 160 miles
par hour just baf~ra the push-over. The initial gyro rsad-
Ing sarved as a datum and subsequent raadings ware cor-
rected for tha diff’arancesin computad angle of attack
axlsting at tha datum condition and tha angla of attack
computad fer any othar time. The pertinent aquatlon for
dari.vlngthe diva angle y from the gyro readings was$

(6)

whara tha subscrint o designates the readings in the
datum positicn.

Ccirrectlms for th~ust and induced drag.- Corrections
wara made to tha over-all dFa~ ccafficients. cDl com-

put~d by tha varicus methods (aquatiens (1),~(4), and (5))
for thrust and Induced drag in order to nbtaln tha drag
coefficient CDO for the airplane alone. Thus:

“CD = c c~~+3i+52——
0 Dl @ qS mA

“(7)

8



MR W .“ L6F12

where T” is the thrust in pminds and the subsorlpts
j and p r“eferto jet and propeller thrust, raspeotively~
No-tests-were.made to detez%d.ne.the.span..loadingeffi-
ciency factcr, thus the Induced drag pcrtic+nwas computed
from the elementary eq~tlon. CL2/fiA. The use of this
equation is justified in the present case, since the usual
5 peroent corraotion will hardly affect the results within
the plotting accuracy.

TIM jqtmthrust “wasdetermined”from the equation:

,“
‘j = NMe(’vj- v) (8)

wheZ%

Me average flow of exhaust gas, slugs par sec~nd per
cylinder

N number of’cylinders (12)

Q3 mean exhaust gas jet velocity~ feet par sao@nd

v flight smed, fact per second *

In computing Me it was assumed that thara was
0s0021 pound c+fexhaust gas par second par brake horse-
power. The value @f the brake horsepower was obtained
from perfermanca charts fmr the Allison V 1710-81 engine,
Thb”velccity ~j was obtained from results given in

‘ reference 30

The propeller thrust. Tp (less compressibility
effeots) was determined from the charts givan in refer-
ence 40 In this determination, the ~powaroeeffioient

CP and the V/nD ware first computed from the engine
manifold presstie, measured airspeed, and engine rpmt
The,computed power ~eefficiant Cn was then converted

to the prapar activity fatter in &rder to enter tha charts.
The thrust coa~ficiaht CT obtained frem”tha charts was
.ttin racopverted to kha proper activity factor followlng
which the propeller thrust was computed from tha.equation:

‘P = CT pn2D4 (9)

9
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The above value of’prepallar thrust was ce?rectad for.
comprassibiIlty”aff3ctsby multiply~~g,eqpation (9). G
by-a tip .speed.oorrectlon facto+ .Ft’ apd a hub CO?-..
fi3ctionfactdr Fh j’ Ths valueh of thqsq facters ware
obtained fro”mrefarsnces 5 and 6 and are similar te. “
these @van in raferance 7. .’” . , ... .

..
In the ~hrcttled dives when the tinifold .prassyre

was 10 inches of marcury or below, the thrust and powar
ware computed as theugh tha prassure wera 10.inchas &f
mercurym It will bs sse.nlatar.that this assumption
will not affact tha,rasults to any grdat axtant,

In this section r“esultsare first praaentad for a
seleoted dive In which tha drag coefficient is determined
by the various methods, following whtch tha accuracy of
the r~sults obtainable with tha vari@us matheds is briefly
dlscussed~ and finally the avarage flight drag variation
Is given for all cf t~ divas.

Results”for a selected diva.- Figure 3 slmws a time
history of some of the maasurad.and computad quantities
for a dive in which a Mach number of 0.786 was reached.
This particular flight was.chosen for illustration because
it was the highest Mach number dive for which a ccmplate

. set of instrument racords was available,for evaluating
the drag ‘oydll thrae mathrds. The diva was started from
a push-ever at 31,200 feat and prcceeded for apprrxlmataly
20 seconds at which time a 4.Og pull-out was initiated.
Tha threttle was.set prier to tha diva so as to govern
at 19,000 fssfiand 160 miles par hour with a manlfcld
pressure of 37 inchas ofmdrcury.

Table II lists-some of tha computations made in
eva”~uatingCD and cDl by each of thasa methods; In

. ord~r that an”appraisal m~y beimade “oftha cfintributions
of the varieus drag compcnants, table II also gives some
of the computations for obtaining the”j~t and propallar
thrust. “

10
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.Flgure4(a) shews the variatien ef ths dra ooef-
... ...,- “f~~iant CDq” 7wi,th-ldaohnumber while figur~ 4(b shcws

.: ... .

.thsvariati;n Cf ‘CD “k~ih ~ach-~tibir.” The values

givan in figure 4(q)0war6 obtained frem figurs 3 and
table II. The values for figure 4(b), howsver, are
taken from lift ceeff’icientqfalling within the range
from YO.2 In order that tti effect of any span effi-
oiancy factor would be a minimum-

Accuracy...The wide variatien and irregularity of
the drag curvas shown in figuro 4 f’erthe various methods
indicates the desirability of’some dlscussicm of the
accuracy of measursmmts and oparations~

Tha major quantities usad in the equations for
rsduc~ng the data ara believed to bs known tc ths following

.. accuracy.

%uantity Accuracy Remarks

w ~Oo005 or 1/2 pjrcent Cerresp@nds roughly
to a weight of 7
gallons gasell.nc

q *1 inch H20 @r
1 parcent yhichever
is grsat3r

v Cor~asponding to
accuracy of q abcve
or 1/2 pyrcent

M *0001 “

‘j *O peunds

*1OO pounds‘P Corresponds roughly
te 100 thrust horse-
power at 20,000 feet

‘h “ *o.olg Corresponds to 79
pound? error in
force acting along
flight path..

11 .. .
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hiantlty ‘.” Ac6muracy. . . . Remarks

*V *O.05g Error ef this amount
in combination with
an error in angle

. .
of 3~ wculd.result
In an errcr ef-.
20 lb aoting along

. .the flight.path per. load factor . .
. . #

a *1O . . Due mainly to com-
. bined errors in

‘Zp and Cl
a

Y Due tc ccmbinad
arrors in quanti-
ties in equation 6

Q&$ Difficult to assess

..
-J-@

dV dha
Errors in ths quantities ~ and ~ ara difficult

ths maasuremants rf- V and ha and pa~t “tethe graphical
differantiatlcn”that is raquired. Regardless.ef mathcd,
the absolute errer in tha evaluatsd drag coefficients,
dapands upon tha accuracy with which th~ ferce acting
aleng tha flight path is kn~wn, Figure 5(a) shews the
variaticn in ths width @f the error envalnpe with Mach
number and altitude dua to an error of 100 peunds force-
Figure 5(b) stiws a similar variation for an error cf
100 thrust horsepewar.

If it is assumad that tha errors in the major quanti-
. ties usad in tha equat.icnfor rdducing ths data ara addl-

tlva thg maximum possible error in fcrcs along tha flight
path from tha sstimates given would be abnut 236 pounds.
At 20,000 feat the maximum width cf the errer envalopa for
a load factor of 1.0 weuld than be as shrwn in figure 5(0).
The discussion ef arrors in the praceading paragraphs has
impliad that tha errers are of accidental nature. Tha pos-
sibility of a certain ccnsistsnt error will be touchwd upori
latar in tha discussion of rasults.

12
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Although It .is not readily seen from figure 4, Sf.IICe
the results-given in this fig~e are from only one dive,
it may be statad that the gnergy and dive angle methods
yielded rasults with a cc+nsiderablygreater envalope band
than that shewn In figure 5(c). In contrast, the acceler-
ometer method gave battar results consistently with an

““”anvalepe band somewhat grsater than that shawn In f@ure 5(0)0
r. Iq.gaperal,,the band was smaller for the fully throttled

dlv~s than for ths dives in which power was usad.

Averaga fll~ht varlati~n.. In view ef the preceding
.1 :’con#ldaratlonsthe results from the accalaremster mathod

“ wera”da3mad te be”the mest accurate”and tharefora only..:, thd rasults:tib~al.nadby this mathcd ars glvan In this... rapbrt.. Figure 6(a) shows the rasults obtained by tha
“acealaromatermathnd fer bight dives cf various degreeS of
ssvarity whers the ranga of airplane lift coefficient was
*0.2. Corractiens fer propall~r thrust, jet thrust, and
induced drag wsfiamada fcr aach diva as eutlined in table II.

Frqtnths curv3s glvan in figtis 6(a) an avarage curve
was “derived; Since tha numba~ of curves te be avsrag~d

“ diffarbd in various rang~s tha final averagad curve of
.figum 6(b) has bssn brekan Inte a number cf sagmnts, each
sagmant baing based on ths number cf curvas noted. Ths
dcttad lines raprasant the inaandaviaticns frqm the mean
and sarv~ as an indication of the reliability of the average
curveA

In ordar te”giva sema idsa of tho corralatien between
“ tha rapid ris~ in tha ever-all drag curva and the critical
Mach numbers, ths crlttcal spaeds as datarminsd from flight
pressure distributions taken ovar th~ae wing ribs located
at 52, 114, and 185 Inchss frcm tha airplane centsr line
.araneted en figura 6(b).

“,
.. .

DISCUSSION “,. . .
. .

In connkctlon with ths maan drag.coefficient curve
df fjgure 6(b), it ~y be nottidthat tha largest value
rnaasuz%dwas about twica the low-spaed value and that tha
rapid risa in drag coafficiant whare d(CD/i!\= ~ml
i’s,associatedwith a lfachnumber which is about 0o05.

“ graatar than tliacritical Mach nqmbsr for the wing saction
at 52 Inchas. Aside from thls”genaral comment, it Is of
Intarast to pr~gant rasu.ltsfrom other drag maas~emants “

13
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peqtalnlng.to the P-51 series of airplane and to discuss
the requirements necessary to insure reasonable accuracy
in fli@t measurements of drag,coefflcient.

.:.:
.. Comparison,.ofthe present measurements”-~th other

available results for-the P-51 series are shown in
figure 7. Curye 1 shows the drag variation obtained at

zero llft “for a ~scale model of the XP-bl.airplane
..” ~. .

tested in the Az&s 16-foot wind tunnel. The tunnel tests
were made on a smooth prdpellerless model.which had some
but not all of the protuberaficesthat were present on the
aotual afrplane. A comparison Of the flight drag results
with those obtained in the wind tunnel hdioates that at
tlie”superorfticalMhch numbers, even taking into
consideraifon the mean deviations, the flight values do
not”rise as rnnidly as those from the “wind tunnel.

Curvss numbars 2 and 3 ware obtalnad from flipht
tests made in Graat Britain on an early varsien mf the
Mustang “which was fimilar in configuration to the XP-51.
In the British tests, ths drag variatfon was determined
by the snergy method. Curva 2 applies with the small
,radiatorspoilar flap up, while curve 3 applies with the
radiator spoiler flap dmn. The~curvas shrwn rapresent
avarages of p~ints which were widely scatterad. .

Curve 4 shews the varlatlon with Mach numb~r of thO
apparant prcfile drag ceaffl.cientobtainad from a rake
surva~ bdhind a station 114 inchesout frem tha wing
canter lfna on tha XP-51. -This curve was taken from
raferance 2 and represents only dacticn data,

..

It may be netsd that whareas both curves 1 and 4
show eithar no l.ncrsasgor slight incraase in drag coef-
flciant with Mach number for M lass than 0.66 the msan
flight curve shows an oppfisltetrend which may ba of slg-
ni.flcanca. All the curves in figure 6(a) from which the
maan curve was derived shew this same tendsncy indicating
the posslbili.tythat sc+maconsistent arrer was introduced
into thd”computaticns. A crnsistant tr~nd rf tha t~a
shown could bs Introduced by ampleytng.alther p~opsllar
characteristi~ er angine-pcwar durves which ware not
dlraotly appllcabla tc the engine prrpsllar conibination
used in the tasts. :It may be seen frem figure 3 and
tabl&”II that.in the low-sp~ed rdnge (that is at the
bagi.nnlngcf’the dive) small but conslstant errors in
either the .prsdictlonof the engine pcwer or the propaller

14
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“ thrust frem the charts used would materially affect the
results whereas In the high=speed range this effect
would be much-less Impcrtqnt- .. ,. .– ..

In connection with the Brltlsh results (curves 2 and
3) a more recent British analysls of the data indicatad
that the Instrumentation used was not adequate and recom-
mended the use @f the accelerometer method for future
evaluations ef flight drag. The same reommnendatlon is
~de In reference g whfch shaws that small arrors in
airspeed and altitude maaqurements give rise to large
errors In.tha drag beefficiant as determined by the energy
msthadc

Although,the ccmparisens cf flgura 7(a) ara of prin- “-. .
cipal Interest since they pertain to the XP-51, other
cemparisnns.are centalnad in fi ure 7(b) fcr othar v,erslons
of the P-51 airplanao 7Figura 7-b) shews the comparison of
the X.P-51rasults with wind-tunnel and fli~ht mu~.sur~tri~nts
for the P-51B.airplane. Curva 5 shows tha-drag-coeffictinh-
vari.atirnebtainad at zero llft in ths wind tunnal cf u
+-scu13 modal @f the P-51B .eirplana,with~ut a p~pdllar.

lSae.r3farance 6.) Curvas 6 and $.ara thd drag variation
maeurad in flight naur zaro lift by the accalaromater
msthtidon a P-51B withcut a prepallar.” (sea reference 8.)
Curve 6 rapresants tha variation obtainad in one flight in

# which it was stat~d that th~ le.zstamnunt of dust was on
the airplane whlls curvs 7 rapres~nts the casa of a diva
with the most dust on the airplanq~ -

It 1s believed that mrst of the variation ebtalned
in the form cf the drag curves given in figures 7(a) and
7(b) may be attributed to dlffarances In the accuracy of
the measurements and methods used in evaluating the data.
On the basis of tha present exp~rience it may be stated
that results obtained with the energy method ara not as
ac($urateas these obtained with tha accelaromatar method,
In support of this statement it may be notsd that tha wind-
tunnel tests ef the l-scale modal of the XP-51 indlcatad

1!that the small radia or spmilar flap had baraly a notice-
able effect on the airplane drag below an M of 0.75 and
a slight effect up to 0.80, whereas the flight tests for
the Mustang (curves 2 and 3) showed that tha radiatnr
spoiler flap had a relatively large effect. It may also
be noted frem f’iguras4 and 6 that drag variations as
large as those indicated by either curves 2 and 3 or curve-s
6 and 7 could be cbtained between successive flights even

...
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though the airplane cenfiguratlon had net been changed~
This leads to the conclusion that unless improvements
are made In technique several flights may be required in
order to establlsh the drag variation for a given con-
figuration.

CONCLUDING RWARKS

The detailed computations given far the salacted
dive (figs. 3 and 4 and table II), as well as results
of computations net included in this report, tndicate
that further gain in accuracy may be had by improving
both the Instruments and the flight tachnique. Lacking
direct measurements of propeller thrust, an improvement
In accuracy would be obtained by using less pcwer because
the thrust could be mer4 closely computed. An improvement
may also be obtained by further increasing the accuracy of
.,theaccelerometers and taking special precautions In their -
location with raspect to”tha airplane.centar cf gravity
and their orientation with raspect to the angle @f zero
lift. It Is felt, unless such improvements are accomplished,
that (a) computations for converting prsssure altitude to
true -altitude,(b) determinations of span affictency factor,
and (c) ccrractiens for compressibility effects on propeller
tips and hub loss much @f their significance.

Langley Memorial Aeronautical Laboratory
National Advisory Ccmmittee for Aeronautics

. . Langley Field, Va.
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TABLE 1
—. ..,. ..-...” .-,*.

CHARACTERISTICS OF XP-51

-.

AIRPLANE

Almlane:
&er-all length . . . . . . . . . . . . . 32 ft #in.
Weight forte sts, lb... . . . . . . . . . . . .%897 .
Wing span . . . . . . . . . . . . . . . “37ft 5/16 in, ,
Wlngarea, sift..... . . . . . . . . ...235.75
Horizontal tail
Stabi.llserarea, sq ft . . . . . . . . . . . . 27.70 ‘
Elevator area (including
1.24 sq ft balance), sq ft i . . . . . . . . ..13.76

Vertical tall
Flnarea, sqft. . . . . . . . . . . . . . . . 9+4
Rudder area (includlng
0.63 sqft balance), sq ft . . . . . . . . . 11.16

.
Engine: . . . . . . . . . . . . . . . Allison V171O-81-99

Ncrmal rating . . . . . . . . , . 1000 bhp at 2600 rpm
at sea lavel

955 bhp at 2600 rpm
at 15,700 feet

Gear ratio. . . . . . . . . . . . ● ● . ● _O. 2sOO~l

Prepeller: . . . . . . . . . . . . Curtiss censtant-speed
Drawing number . . . . . . . . . . . . . 614CC1.5 - 18
Serial number . . . . . . . . . . . . . . .AF40-12646 .
Diameter. . . . . . . . . . . . . . . . . 10.ft 6 in~
Angle high at 42 In. station . . . . . . . . . . . 580

Angle low at 42 in. station . . . . . . . . . . . , 23°
Activity fatter (tntal) . . . . . . . . . . . . ~ 265.5

Exhaust stacks:
Area @f each stack, sq in. . . . . . . . . . . . . 4.95
Inclination to thrust axis . . . . . . . . . . 240 40f -
Incllnatien to plane ef symmetry . . . . . . . 120 5(3?

NATIONAL ADVISORY
COMMITTEE R3R AERONAUTICS

— —.
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TABL2 II

COSFOTATIO!ISFOR WA2,UATION OF DRAG COEFFICIENT OF 2P-51

FLIGRT 4S

g
cl: z
@
;J$
~
0.66
.53
.49
.06

-.18
.06

-.59
-.41
-..60
-.67
..59
-.67
-.67
-.61
-.10
-..3’7
.49
.59
.15
.72

1.10
.60
.63
.19
.67
.15
.10
.49
.35
.06

1.14
.44
.53
.49

1.58
1.21
1.29
1.31
1.50
1,80
1.48
1.99
2.12
1.99
2.46
2.70
1.24
.86

1.97
2.07
2.19
2.13
2.27
2.4?
2.20
2.59
2.7@
3.ss
3.57
3.40
3.79
4.a2
3.72
.?.98
3.91
4.02
3.47
3.40
3.47
3.67
3.60
.?.38
2.10
1.50
1.19

g
~~
z
9
:

-35.4
-35.4
.35:4
-35.4
-36.4
-35.4
-35.4
-34.9
-.?4.5
-33.8
-33.6
-.---
-----
-31.8
-----
-----
-----
-2e.l
-----
-----
-----
-24.8
-----
-23.1
-----
-20.6
-----
-17.9
-----
-15.4
-15.0
-----
-13.4
-----
-11.0
-----
-7.3
-----
-----
-3.6

—

h

:

g

,.

:

:

~

—

500
505
610
515
520

;3?
540
545
550
560
570
580
585
595
610
615
625
640
670
680
695
710
72o
740
750
780
790
815
835
850
670
890
900
915
930
950
965
975

—. –—

1~

5
:-
&i’
+
~-
;
:

20.0
20.0
20;1
20.2
20.3
440.6
20..9
20.9
21.0
21.2
21.5
21.8
22.0
22.2
22.6
23.0
23.7
23.9
24.1
25.0
26.0
26.4
27.0
27.7
28.0
28.7
29.0
30.0
30.2
:1.4
32.2
32.7
33.3
34.0
34.4
35.0
35.7
36.1
36.8
S7.1
37.2
37.7
37.0
30.0
38.3
38.5
:9.0
39.0
39.3
39.5
39.9
40.0
40.2
40.2
40.5
41.0
41.1
41.5
41.8
41.8
41.e
42.0
42.0
42.0
42.0
42.0
42.0
42.0
42.0
42.0
42.0
42.0
41.9
41.8
41.6

:
Z*
CIZ

:=8

: =W

s.a
g

-4.6
-1.9
----
----
----
----
10.5
-...
18.8
2B.O
----
31.0
37.7
----
44.7
47.s
53.s
----
52.4
54.6
53.8
----
52.?
----
52.2
----
52.2
----
53.6
53.6
---
55.6
----
55.1
----
54.3
----
53.9
53.0
----
51.4
----
50.0
----
49..2
----
46.7
----
46.3
----
44.5
----
42.5
-...
40.9
39.7
38.4
37.3
33.5
----
29.7
..-.
27.1
-...
25.8
----
le.o
----
13.1
----
8.B
1.6
-4.0
-6.0
-7.B

x
2
:,-
~dg’
0-
Zi~

.?.38
1.53
1.24
..-.99
-2.Z2
-1.01
-4.12
-3.2Q.
-4.91
-4.08
-S.63
-----
-----
-3.31
-----
.----
-----

.21
..---
-.---
-----
-.13.
-----
.07

-----
-1.06
-----
-.60
-----
.1.22
.12

-----
-.69
-.75
.42

-----
.03

0
-----
.40

------
.55

-----
.53

-----
1.15
-----
-.53
-----

.52
-----

.5’3
-----

.79
..---
-----
1.00
1.46
-----
1.51
-----
2.07
-----
2.06
-----
2.11
-----
1.62
-----
1.96
-----
-----

.67
-----
-.13

0

z
22
:>
:
:
—
L.7S
L.74
1.76
1.77
1.7a
1.W
1.66
L.a7
l.ao
L.96
2.01
2.04
2.23
2..19
2.21
2.30
2.39
2.43
2.49
2.58
2.67
?.71
2.77
2.05
2.86
2.94
2.98
3.06
3.09
3.18
3.25
3.2a
3.33
3.38
3.40
3.45
3.49
3.32
3.56
3.56
3.58
3.59
3.60
3.60
3.61
3.62
3.63
3.63
5.68
3.64
S.64
3.64
3.64
3.65
3.64
3.64
3.64
3.63
3.62
3.62
3.61
3.60
3.60
3.56
3.58
3.5s
3.53
S.52
3.49
3.45
3.45
3.4a
3.35
3.3C
S.26
—

A

;

—

..300

.302

.s97

.399

.401

.406

.41s

.420

.425

.441

.453

.457

.475

.490

.496

.614

.543

.545

.555

.574

.594

.604

.620

.633

.636

.6S0

.658

.678

.681

.6S9

.71s

.722

.734

.740

.’746

.74a

.756

.’766

.770

.774

.775

.77B

.779

.780

.780

.780

.782

.7e3

o
1.0
1.7
2.2
2.6
3.1
4.0
4.4
5.0
6.0
6.6
7.0
8.0
0.7
9.0
10.0
11.0
11.4
12.0
13.0
14.0
14.4
15.0
15.7
16.0
16.6
17.0
17.8
1s4.0
19.0
19.7
20.0
20.6
21.0
21.4
22.0
22.5
23.0
23.5
23.8
24.0
24.4
24.5
24.7
25.0
25.1
25.5
25.65
26.0
26.1
26.S
2s.9
27.0
27.2
27.5
28.0
2a.5
29.0
29.5
29.7
30.0
30.2
30.5
30.0
31.0
31.7
S2.O
32.2
33.0
S3.9
34.0
35.0
36.0
37.0
S.9.O

392.7
395.8
400.8
402.0
404.9
409.9
419.0
424.3
429.4
446.0
457.s
464.0
463.0
497.0
503.0
52s.0
543.5
552.5
565.2
585.6
606.8
616.5
630.5
647.0
651.1
667.5
676.4
696.5
701.5
72.3.0
739.0
745.0
757.0
767.7
772.0
784.0
792.5
800.0
807.0
Blo.1
812.5
816.5
817.5
819.0
821.5
822.0
824.0
824.5
626.0
826.5
227.6
827.8
828.0
a29.4
82a.o
2228.0
S27.0
625.0
823.0
ee2.1
820.0
ela.5
817.0
81s.5
812.5
607.1
2M.O
Sol.1
794.2
783.5
782.0
772.5
762.4
750.5
‘741.9

62.7
6s.9
S5.8
66.s
67.0
6s.2
71.6”
73.6
75.6
62.4
66.8
B9.O
96.8
.03.8
.07.2
L19.7
.32.5
.34.1
.41.2
,53.4
166.1
175.6
.86.6
.97.0
!OO.s
!2.2.6
!19.6
!37.3
!39.9
!50.4
!75.0
!81.5
!97.4
!07.1
)13.3
i23.9
!32.4
!45.3
!58.0
159.9
i64.3
!70.2
!71w6
!74.4
)77,6
!78,0
:04.6
!8S.6
!40.0
!91.2
10s.s
100.1
100.4
102.7
104.8
106.6
112.s
114.1
IIM;6
UIA
111.1
110.s
110.6
lo6.a
10s.8
105;0
M4.8
100:9
504.s
304.8
5e4.8
374.4
:64.4
!5s.9
!44.a

0.065
-.070
-.063
-.055
-.040
-.0s1
..063
-.07.?/
-.(MS
-.075
-.mo
-..--
-----
..03s
-----
-----
-----
0
..---
.----
-----
.030

-----
.04s

-----
.Imq-----
.080
-----

31,200
31,200
31,200
31,190
31,190
31,190
31,190
31,040
30,950
30,760
30.700

52,400
32,400
52,4CY3
52,4m
S2,390
32#so
52,230
52,200
52,150
32,000
51,am
------
------
31,320
.-----
------
------
50,350
.-----
..----
-----
23,990
------
28,s10
------
27,270
------
?7,270
------
?6,600
?6,210
.----
?5.7W
------
25,22=3
-----
?4,600
------
------
~:,700
.-----
?3,3W
------
23,100
------
?2,0s0
------
22,470
----
22,160
------
21,660
------
21,500
.--.--
.-----
20,m@
20,660
------
20,400
..----
20,240
.-...-
20,cm
------
19,s20
------
19,730
------
19,-
.-.--
.---.-
19,470
------
19,Soo

2.0
5.0
---
--
-----
----
19.5
----
27.0
S6.0
----
41.0
47.5

—

------
-----.
S0,220

S2.5
Ss.o
60.0
---
69.5
SO.5
69.0
----
59.0

------
------
29,360
------
.-----
------
27,930
------
27,440

5a.s------
26,970

59.5
----
SO.5
61.0
----
62.5
----
S2.O
----
60.5
----
60.6
59.0
----
57.5

--.---
26,440
------

.105

.110
25,750
25,310-----

.160

.s00
●100

24,810
-: ---
24.S70

-G&
.200

----
.325

----
.360

-----
.565

----
.370

----
●625

.-—
.415

-----
.43s

-— -
.460

-— -
----
.450
A25

-----
.406

-: ---
23,660
--.—
------
22.850

-----
-2.1
-----
-1.6
-----
-.7

------
22,450
------
22,310
------
22.060

55.5

55.0
----
53.0
----
51.0

-----
.5

-----
.7

-----
3.2

-----
3.B

-----
-----
6.2
7.8

-----
8.7

-----
9.0

-----
10.5
-----
11.1
-----
11.5

-----
12.2
-----
-----
12.3

L-

-----
11.8

.-: ---
21.740

.764

.784

.763

.785

.763

.766

.784

.764

.7B6

.780

.774

.775

.972

.769

.76S

.756

.765

.7ss

.755

.753

.746

.736

.735

.727

.716

.706

.697

-:. -
21,500
------
21.070
------
20,940
------
---.--

30.0

48.0

46.5
4s.0
43.s
42.0
38.0
..-
34.0
----
al.s
----
30.0
----
22.s
----
17.5
-—
13.0
6.0
1.s
0
-1.5

20,S30
19.960-. :--
19.730-----

.375
-: ---
19,470
------
19:Soo

-----
.350-----
.300

-----
.325

-----
.260

---.-

-:--
19,170
------
19,040
------
1B,900
------
------
18,880
------
18,990

.2m
-----
.170—
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0
1.0
1.7
2.2
2.6
3.1

:::
5.0
6.0
6.6

:::
8.7
9.0
10.0
11.0
11.4
12.0
1s.0
14.0
14.4
15.0
15.7
16.0
16.6
17.0
17.0
18.0
19.0
19.7
20.0
20.6
21.0
21.4
22.0
.22.5
2s.0
23.5
23.8
24.0
24.4
24.5
24.7
25.0
25.1
25.5
25.6
26.0
26.1
26.5
26.9
27.C
27.2
27.5
20.0
28.5
29.0
29.5
29.7
30.C
30.2
50.5
30.9
L31.o
31.7
.?2.0
:2.2
~~.c
~a..j
.?40C
35.0
36.C
37.C
38.C

44.9
44.9
45.7
46.1
46.7
47.4
48.2
40.7
49.3
49.0
49.s
50.2
50.7
51.4
51.8
51.9
52.5
52.9
53.2
55.9
56.4
56.9
58.0
58.7
59.9
61.1
61.7
63.8
65.2
66.4
67.2
66.6
70.1
71.s
72.1
72.4
73.3
75.1
75.8
76.4
76.6
77.2
77.5
77.8
78.1
79.s
79.1
79.0
78.9
79.7
79.3
79.7
79.8
79.9
60.$
81.6
82.1
82.5
83.4
23.1
83.7
84.2
84.3
84.2
84.3
84.7
84.6
84.8
84.9
85.2
85.3
66.0
66.4
86.4
86.7

TA21J 11 - Conclwld

COMPmATIOIES FOR 2VALUATIOm OF DRAG COUFIC~ 01 3P-51

?LIQSIT4S - conelU60a

).0030
.00M
..0029
.0030
.0030
.0030
.C@!sl
.@28
.WZ8
.m25
.LW24
.0024
.m22
.0021
.0021
.0018
.0017
.0017
.0016
.0015
.0014
.CQ14
.001s
.001s
.0013
.(KJ12
.00L2
.0011
.0012
.0011
.0010
.0010
.C910
.0010
.0010
.0010
.0cW4
.0006
.0002
.0002
.0002
.0LYJ9
.0002
.0009
.Oooe
.0009

%%
.2032
.cnm!3
.2002
.OQw
.woe
.C.309
.0009
.000’3
.Oow
.0002
.0009
.Ow
.0002
.0009
.0009
.Oow
.CHJW
.OOOQ
.00Q9
.0009
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Figure l,- The North American XP-51 airplane.
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?lgure 2.- Line drawing of XP-51 airplane showing location of various items,.
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